Relativistic electron beam acceleration due to the extraordinary beat wave induced by nonlinear electron Landau and cyclotron damping of electromagnetic waves is investigated theoretically on the basis of the relativistic equations of motion for beam electrons trapped in the beat wave. The equations of motion in the moving frame of reference with the velocity of the electron beam were analyzed analytically and numerically, where the relationship between the moving and laboratory frames is given by the Lorentz transformation. The spatial and temporal evolutions of the energy and momentum of the trapped beam electrons in the moving and laboratory frames were studied numerically.
Introduction
Relativistic electron beam acceleration due to the extraordinary beat wave induced by nonlinear electron Landau and cyclotron damping of the electromagnetic waves in a magnetized plasma is investigated theoretically and numerically on the basis of the relativistic equations of motion for beam electrons trapped in the beat wave [1] [2] [3] [4] [5] [6] . In order to investigate the highly relativistic electron beam, the equations of motion in the moving frame with the velocity of the electron beam
were analyzed numerically, where the relationship between the moving and laboratory frames is given by the Lorentz transformation [4, 6, 7] . The beat waves are excited via nonlinear electron Landau and cyclotron damping of the two electromagnetic waves and trap the beam electrons, satisfying the resonance condition in the moving frame, where 
where the higher order term � � (3)) and by the Lorentz force arising from the perpendicular magnetic field of the beat wave for the case of 1 m � (nonlinear electron cyclotron damping due to the second term of Eq. (3)) [4, 6] .
Numerical Analysis
We performed the numerical analysis of Eq. (3) for the cases of 0 m � and 1, and the spatial and temporal evolutions of the energy and momentum of the trapped beam electrons in the moving and laboratory frames were studied.
The spatial and temporal evolutions for 0 m � are calculated by retaining the first and third terms in the right hand of Eq. For simplicity, it is assumed that 
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It is found that the acceleration rate for 1 m � is considerably large compared with that for 0 m � . This is owing to the acceleration mechanism in which the beat wave acceleration for 1 m � results from the Lorentz force due to the perpendicular components of the magnetic field of the beat wave whose magnitude in the moving frame increases about � times that in the laboratory frame. This is consistent with the previously obtained results [4, 6] . 
Conclusion
It is verified theoretically and numerically from the relativistic equation of motion for the trapped beam electrons that the highly relativistic electron beam can be accelerated by the extraordinary beat wave induced via the nonlinear electron Landau and cyclotron damping of the intense electromagnetic waves.
The beat wave acceleration induced by the nonlinear scattering by the extremely high-power laser injected into the magnetized plasma may be available usefully for the highly relativistic electron beam accelerator [8] .
